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III. PROTEIN SYNTHESIS IN AN EPIDERMAL CARCINOMA IN Vivo AND IN VITRO*
HOWARD P. BADEN, M.D., AND CAROL PEARLMAN
Following the demonstration by Keller and
Zamecnik (1) that microsornes are the site of
protein synthesis, rapid advances were made in
our understanding of this complex process. Al-
though similar mechanisms have been found in
a variety of tissues (2, 3, 4), it is evident that
differences exist between various cell types (5).
The epidermal cell is of special interest be-
cause of the formation of intracellular insoluble
filaments.
Previous studies (6, 7) have failed to show
soluble precursors of the tonofilaments and it
was thought that an investigation of the sub-
cellular pathways of protein synthesis would be
important. Since large amounts of metaboli-
cally active epidermis are difficult to obtain, a
transplantable epidermal carcinoma was used
in the initial phase of the study. The purpose
of this report is to describe the pathways of
protein synthesis in this tumor.
MATERIALS AND METHODS
The tumor used was a spontaneous epidermal
carcinoma of hamster skin supplied by Dr. William
Banfield of the National Institute of Health. The
tumor was transplanted subcutaneously into 60
gm animals and harvested at 12 to 14 days.
Uniformally labelled L-leucine-C14 and L-phenyl-
alanine-C14 were obtained from New England
Nuclear Corporation. The ATP, GTP, phospho-
enolpyruvate, and pyruvate kinase were obtained
from Sigma Chemical Co. and the creatine phos-
phate and creatine phosphokinase from California
Biochemical Corporation.
In the in vivo experiments, the animals were
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Abbreviations: ATP, adenosine triphosphate;
GTP, guanosine triphosphate; 20,000 G super-
natant, supernatant remaining after centrifuga-
tion at 20,000 XG; high speed supernatant (HSS),
supernatant remaining after centrifugation at
100,000 XG; tris, Tris (hydroxyrnethyl) amino-
methane; TCA, trichloroacetic acid; RNA, ribo-
nucleic acid; PCA, perchloric acid.
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injected intraperitoneally with the isotope and at
the desired time the tumors and liver removed into
ice-cold .44 M sucrose. After washing and trimming
they were homogenized with 20 strokes in a
Kontes ground glass homogenizer. The homoge-
nate was spun successively at 1,000 and 20,000 G
for 10 minutes and the microsomes isolated from
the 20,000 G supernatant by centrifugation at
100,000 G for one hour.
To obtain tissue for slice experiments tumors
were excised and placed in cold Krebs-Ringer
phosphate. After trimming and slicing in a Stadie
Riggs microtome, weighed aliquots were placed
in flasks. Following the addition of the labelled
amino acid the flasks were incubated at 37°C in
a shaker for a specified time and the reaction
stopped by pouring off the medium and adding ice
cold .44 M sucrose. The microsomes were prepared
as described above.
For studying cell free incorporation in the
20,000 G supernatant or microsomes, the tumor
was homogenized in tris buffer .03 M pH 7.8,
magnesium acetate .005 M, potassium chloride
.06 M and sucrose .25 M and the homogenate
centrifuged to obtain the desired fractions. Ribo-
somes were isolated as described by [Corner (2).
The microsomes and ribosomes were suspended
in the tris buffer without sucrose. One half ml of
the 20,000 G supernatant was pipetted into tubes
containing .25 ml of the tris buffer without su-
crose, while .5 ml aliquots of the microsome or
ribosome suspensions were transferred to tubes
with .25 ml of HSS. Added to this was the tris
buffer without sucrose containing ATP 4 ,i moles/
ml, mercaptoethanol 24 L moles/ml, phospho-
enolpyruvate 40 c moles/ml, pyruvate kinase 250
c grams/ml and the C14 labelled amino acid (2).
In some experiments creatine phosphate 40
moles/ml and creatine phosphokinase 250 c grams/
ml were used as the ATP regenerating system.
The tubes were incubated at 37° C for the de-
sired time and the reaction stopped by the
addition of TCA. The pellets were washed and
counted as previously described (6).
Protein was measured by the Biuret (8) method
or by determining nitrogen on the TCA precipi-
tate with Nessler's reagent (9). RNA was meas-
ured by the orcinol reaction (10) or by a modifica-
tion of the method of Scott (11).
The fractionation of ribosomes was accomplished
by layering the microsomes or ribosomes on 30%
to 7% sucrose gradients and spinning in the SW-
39 head at 39,000 rpm in a Spinco preparative
ultracentrifuge for 40 minutes. Drops were col-
lected and the optical density read at 2600 A.
Following the addition of carrier protein and
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TCA, the pellets were washed and counted on a
low-background gas flow counter.
RESULTS
In Vivo Incorporation
Animals with 13 day tumors were injected
with 6 c. of C14 labelled leucine (1.8 y) intra-
peritoneally and sacrificed at 10, 20, 30 and 40
minutes. The specific activity of protein was
measured in the 100,000 G pellet and HSS of
tumor and liver. It can be seen in Figure 1
that the microsomal pellet is more rapidly
labelled than the HSS protein. In the tumor
the difference in specific activity between mi-
crosomal and HSS protein is not as marked
as in the liver, and this was also true when
ribosomes were studied.
In Vitro Incorporation
Tumor slices were incubated with C14 labelled
leucine for 5, 15, 30 and 45 minutes and the
specific activity of protein measured in the
HSS and microsomes (Fig. 2). Initially, the
plot of specific activity of the 100,000 G pellet
rises more rapidly than the HSS curve. Further
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Rio. 1. Time course of incorporation of leucine-
C14 into tumor and liver microsomes and high
speed supernatant protein in vivo.
(a
20 30 40 50
MINUTES
Rio. 2. Time course of incorporation of leucine-
C14 into microsomes and high speed supernatant
protein of tumor slices incubated in vitro.
evidence that the microsomes represent a
rapidly turning over precursor pool of protein
can be seen in Figure 3. When non-radioactive
leucine is added to the incubating slices the
specific activity of the microsomes drops by 50
per cent while that of the HSS protein con-
tinues to rise slowly.
The 100,000 G pellet, referred to as the
microsomes has been shown by electronmicros-
copy to contain ribosomes and membranes and
to have a RNA to protein ratio of 1:7. Ribo-
somes can be obtained from this fraction by
treatment with deoxycholate (2), the optimal
concentration being about 0.5% as seen in Table
I. By using density gradient centrifugation the
ratio can be lowered further to 1:1.5.
Cell-free Incorporation
The incorporation of amino acid into protein
in a cell-free system derived from the tumor is
shown in Table II. Similar results are obtained
when ribosomes are used. When experiments
were done comparing the amount of incorpora-
tion into liver and tumor microsomes or ribo-
somes, it was found repeatedly that liver was
10 to 30 times more active. Tables III and IV
show that ribosomes, HSS protein and an
energy source are essential for the incorpora-
l0
(.3
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I
FIG. 3. The effect of the addition of unlabelled
leucine on the specific activity of microsomal and
high speed supernatant protein of tumor slices
preincubated with Ieucine-C14.
Two sets of flasks containing tumor slices,
Krebs Ringer phosphate, and leucine-C4 were
incubated for 15 minutes at 37°C. The reaction
was stopped by the addition of cold buffer. Me-
dium containing 7.0 mg of unlabelled leucine per
ml was added to one set of flasks and the incuba-
tion continued an additional 15 minutes.
TABLE I
The effect of varying concentration of deoxycholate
on the composition of the ribosomes
Percent Deoxycholate Ratio of RNA/protein
.83
.62
.50
.40
0
1/3
1/2.3
1/2.3
1/2.8
1/7
tion. Omission of the ATP and the ATP re-
generating system totally inhibits this activity,
while the absence of GTP decreases it. As seen
in Table V the concentration of magnesium for
optimal incorporation with ribosomes is 5 mM.
Similar results were found with microsomes.
Ribosornes isolated from the tumor show an
increased incorporation of phenylalanine when
polyuridylic acid is added to the system as
shown in Table VI. A similar increase can be
found when polyuridylic acid is added to the
20,000 G supernatant.
Gradients
In order to study the distribution of C1'
labelled protein in the subcellular particles of
TABLE II
Time course of the incorporation of leucine-C'4
in a cell-free system
Time Counts per minute/mg protein
minules
10
15
20
30
70
130
200
200
Contained in each incubation mixture were 1.0
mg of ribosomal protein, 2.0 mg of high speed
supernatant protein and .5 jc of leucine.C14.
TABLE III
The dependence of cell free synthesis
on ribosomes
Total counts/minute Ribosomes
1350 present
0 absent
1.0 of leucine-C'4, 2.0 mg. of high speed su-
pernatant protein and .6 mg of ribosomal protein
where indicated were used. Incubation time was
30 minutes. Total counts incorporated per tube
are givcn.
TABLE IV
Dependence of incorporation by ribosoines on high
speed supernatant protein and an energy system
Totalcounts/
minute Components
762
20
40
500
40
complete
minus ATP + regenerating system
minus high speed supernatant
minus GTP
boiled high spced supernatant
Contained in each incubation mixture were 2.0
mg of ribosomal protein, 1.6 mg. of high speed
supernatant protcin and 1 jLc of leucineCI4. The
reaction time was 30 minutes. Total counts in-
corporated per tube are given.
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The effect of magnesium concentration on the
incorporation of leucine-C14 into ribosomes
Counts per minute/mg protein Concentration of Mg AC2
400
1000
1320
920
320
moles/lit
.003
.004
.005
.006
.008
Tissue Fraction Poly U Total Counts!minute
Ribosomes
Ribosomes
20,000 G supernatant
20,000 G supernatant
20,000 G supernatant
20,000 G supernatant
0
100
0
50
100
200
222
2511
86
829
942
1284
The incubation mixture contained .5 mg of
ribosomal protein and 1.0 mg of high speed super-
natant protein or 3.0 mg of 20,000 G supernatant
protein with 1.0 pc of phenylalanine per tube.
Total counts incorporated are given.
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Fm. 5. Comparison of the optical, density
curves of density gradient analyses of liver and
tumor ribosomes.
incubated tumor slices, sucrose density gradient
analysis was done (12). When microsomes or
20,000 G supernatant was used it was found
that 70% of the microsomal RNA and 50% of
the counts were associated with free ribosomes.
These particles appeared as a sharp peak cor-
responding in position to single ribosomes (13).
When ribosomes were studied, a similar sharp
peak in the optical density curve was seen with
no evidence of ribosomal aggregates (14). The
peak in counts corresponded to the peak of
optical density (Fig. 4), but the specific activ-
ity (i.e. counts per minute/O.D.) appeared
highest in the ascending limb, and this could be
reproduced repeatedly. In order to check the
reliability of the experimental procedure, liver
and tumor ribosomes were prepared simultane-
ously and centrifuged on density gradients (Fig.
5). Although the liver shows fewer ribosome
aggregates than has been reported in the litera-
TABLE V
LIVER
TABLE VI
The stimulation of phenylalanine incorporation
by polyuridylic acid
1.0 -
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2
0.1 -
o
o.e
0.7 -
0.6 -
I
0.5 -
0.4 -
0.3 -
0.2
0. I
-r I I
0.0.
4
2
2 4 6 8 0 12 4 16
TUBE NUMBER
Fm. 4. Sucrose density gradient analysis of
labelled ribosomes.
Fifteen drops were collected in each tube. The
first tube corresponds to the bottom of the gradi-
ent.
PROTEIN SYNTHESIS IN AN EPIDERMAL CARCINOMA 149
ture (16), the results are quite different from
that found for the tumor.
DISCUSSION
The data demonstrate that the pathways of
protein synthesis in this tumor are basically
similar to other systems described (2, 5). It
has been shown that in the presence of AT?,
cytoplasmic enzymes and ribosomes, amino acids
are synthesized into proteins. There is sugges-
tive evidence from the gradient experiment
that a multiple ribosornal unit may be the
actual site of this synthesis. The stimulation of
phenylalanme incorporation by polyuridylic
acid indicates that a RNA molecule acting as
a template determines the sequence of amino
acids (15). The completed peptide chains are
released as soluble cellular proteins or precur-
sors of subcellular structures. It may be reason-
ably concluded that comparable pathways will
be found in normal epidermis, since, in general
similar mechanisms have been found in tumors
and normal tissue.
The tumor differs in certain respects from
normal liver which is the most extensively
studied mammalian tissue. In the in vivo and
slice experiments the specific activity of ribo-
somal or microsomal protein was low compared
to liver. This may be explained in part by
contamination with extraneous material, which
is supported by the low RNA to protein ratios
of the ribosomes. In addition, the high content
of inactive single ribosomes in this tumor would
lower the observed specific activity (17).
The small amount of incorporation in the
cell-free system of the tumor relative to liver
is similar to what has been reported for muscle
(5). A possible explanation for this is a limited
amount of messenger RNA and hence a small
pool of ribosornal aggregates (polysomes), which
are responsible for endogenous synthesis.
Finally, the ribosomes appeared as a single
sharp peak in the density gradient experiments
as judged by the O.D. curves. This suggests
that if polysornes are present at all they must
be few in number. However, the findings that
the peak of labelled protein corresponded to
the peak of O.D. suggests that some breakdown
of ribosomal aggregates occurs. Ribonuclease
activity is demonstrable in the homogenate of
the tumor and it is reasonable to suggest that
this may be responsible for the degradation
(16).
SUMMARY
1. The pathways of protein synthesis in a
transplantable epidermal carcinoma have been
shown to be similar to those in other tissues.
2. The specific activity of microsomal protein
in the in vivo and slice experiments and the
amount of incorporation in the cell-free system
was low compared to liver.
3. Multiple ribosomal aggregates were not
clearly demonstrable although there was sug-
gestive evidence for their presence.
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